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Abstract—The use of serious games in cognitive 
rehabilitation of patients with acquired brain injuries 
and/or cognitive stimulation in ageing population is now a 
reality to improve cognition and promoting health. 
However, two problems emerge within this approach: 1) 
How to measure performance during the execution of 
those tests in the virtual environment; 2) How to make the 
system responsive to individual performance based on 
different metrics. The most common indicators of 
performance currently relate to execution errors/times, 
which depend however on computer literacy. Thus, the 
current system aims to develop more objective ways of 
assessing performance in virtual environments. The 
collection of both behavioural and psychophysiological 
data may offer an opportunity to overcome these 
limitations. 
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I.    INTRODUCTION 

The Information and Communication Technologies (ICTs) 
have been contributing to the Psychology field in several 
different ways. The development of immersive 3D 
environments that mimic real life situations may be used for 
exposure therapy in mental health disorders [1], or cognitive 
training in functional tasks that may require the same 
cognitive functions that are employed in real life situations 
[2]. One possible approach is through the use of serious games 
based virtual reality applications (SG/VR) that are under 
development in the CTIP group from COPELABS. These 
SG/VR can be defined as games that are used for other 
purposes than gaming as these may overcome flaws of 
traditional neuropsychological instruments by simulating real 
life activities or by simply challenging patients’ cognitive 
functions through an interactive and appealing interface [3].  

The use of SG/VR applications in health care has been 
progressing and is now a well-established reality. Research on 
VR-based interventions on patients with mental or physical 
impairments has been evolving since the late 1990s, and the 
overall results of this research suggest that SG/VR improves 
the quality of physical and mental health care [4,5]. The main 
outcome of these approaches is to improve the overall quality-
of-life of these patients with mental or cognitive dysfunctions 
and ultimately well-being. The concept of cognitive 
impairment has received great attention during the last years, 
because it is linked with pathological and normal ageing. The 
decline in cognitive functioning in ageing is a consequence of 
brain ageing and neural loss, but this decline may be amplified 
by certain neurological conditions usually associated with 
ageing, such as the mild cognitive impairment or degenerative 
diseases as the Alzheimer’s disease. 

These applications that are currently being developed by 
our research group have also been tested in patients with 
substance dependence [6,7]. One of the main advantages of 
these applications over traditional methods is that patients may 
be more willing to engage and pursue an exercise within these 
immersive applications. 

A.   Challenges 
The most common exposure devices within this approach 

are the head mounted displays (HMD), mobile technology 
(tablets). However, both these approaches have limitations.  

The major limitation of using new technologies in 
populations with cognitive deficits is interaction. Interaction 
difficulties may reduce presence in the synthetic world and 
thus compromising the therapeutic success of treatment. This 
is currently being addressed by using motion sensor devices, 
such as the Kinect from Microsoft in our SG/VR applications. 

Another challenge is how to measure performance during 
task execution. The existing tasks in SG/VR environments are 
performance tasks, which make possible the measurement of 
execution errors and execution time in task completion. 



                  
 

Nevertheless, these measures are more prone to computer 
literacy than behavioural or other body reactions to the task. 
Thus, our intent is to combine the execution metrics with both 
behavioural and psychophysiological responses in the VR 
system. The technical architecture for this system is shown 
below under technical architecture. 

II.   VISION AND CONCEPT 

The figure bellow depicts the overall architecture of the 
proposed system. The patient interacts with a VR scenario 
through interaction devices. These can be simple such as a 
keyboard our pointing device, or more complex such as head 
mounted displays or gesture recognition devices.  

 
The interaction behaviour of the patient - the patterns of 

the user while interacting with these devices – are used as 
input of an adaptation engine that feeds the VR System. This 
data can be used to establish a baseline to calibrate the task 
that is being displayed in the VR system, to make it more 
accessible to user specific disabilities, or even to evolve to 
another difficulty level. This level can be higher, if the user 
supersedes what is requested and we what to increase the 
stimuli; or lower when his abilities deteriorate. That is why the 
engine also takes in consideration user performance indicators 
in the proposed tasks, such as success rate, time of execution, 
number of attempts, among others. 

Since we are analysing cognitive deficits, the engine also 
will receive relevant neurophysiological indicators, 
automatically extracted from patient’s EEG. An example of 
relevant measure can be mental workload [8] that is related 
with the feeling of (dis) comfort, based on the assumption that 
a higher mental workload involves a greater discomfort. We 
suggest that this requires a further assessment of the 
correlation between all three types of measures. 

Finally, we think that the engine should not work 
completely by its own, but allow the therapist to parametrize 
and adjust patient sessions according with his specific therapy 
indications. The overall idea is to allow the definition of a 
session script or plan of sessions’ scripts that explore 
adaptation rules provided by the engine. This requires to 
develop powerful and friendly interaction tools that allow 

therapist to make this configurations and also review the 
historic data. 

III.   EXPECTED OUTCOME 

Our aim is to create responsive SG/VR scenarios that 
include performance, behaviour and psychophysiological 
outputs. This would allow self-adaptation of the system based 
on performance, behaviour and psychophysiological indicators 
according to machine learning algorithms. These changes in 
task difficulty and characteristics may increase the 
effectiveness of SG/VR in health promotion. The 
implementation of this approach may also support the use of 
in-home and personalised care by creating self-adapted 
SG/VR applications. 
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